Abstract The objective of this cross-sectional study was to estimate the prevalence of and risk factors for osteoporosis in HIV+ postmenopausal women. Bone mineral density (BMD) by dual energy X-ray absorptiometry (DXA) and biochemical indices of mineral metabolism were measured in 31 Hispanic and African American HIV+ postmenopausal women. BMD was compared with 186 historical controls, matched for age, ethnicity and postmenopausal status. Mean BMD was significantly lower at the lumbar spine and total hip in the HIV+ group, as compared with controls. Prevalence of osteoporosis was higher in the HIV+ group than controls at the lumbar spine (42% vs 23%, p=0.03) and total hip (10% vs 1%, p=0.003). Among HIV+ women, time since menopause and weight were significant predictors of BMD, while duration or class of antiretroviral therapy (ART), AIDS diagnosis, nadir CD4, steroid use, and vitamin D deficiency were not. Prevalence of osteoporosis is substantially higher in HIV+ Hispanic and African-American postmenopausal women than in controls. Established osteoporosis risk factors were more important in predicting BMD than factors associated with HIV infection and ART. Long-term management of the growing female HIV population should include the evaluation for and management of osteoporosis.
Introduction
Low bone mineral density (BMD) is a recently recognized metabolic complication associated with HIV infection. The etiology of HIV-associated bone demineralization is complicated and undoubtedly multifactorial. It may include: -T cell activation and expression of inflammatory cytokines, such as tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6) and interleukin-1 (IL-1), which stimulate osteoclast differentiation and resorption within the bone microenvironment [1] [2] [3] [4] [5] [6] -Secondary effects of chronic infection such as weight loss, hypogonadism, and alterations in vitamin D metabolism [7] [8] [9] -Prominence of established risk factors for bone demineralization among HIV-positive (HIV+) patients -The independent effects of certain antiretrovirals, most notably protease inhibitors [10] [11] [12] The attributable risk of each factor is difficult to ascertain, given the heterogeneity of study samples, study methodologies and the complex pathogenesis of osteoporosis. Several cross-sectional studies have reported lower mean BMD in HIV-infected, antiretroviral therapy (ART)-experienced and ART-naı¨ve men in comparison with age-matched HIV-negative controls [13] [14] [15] [16] . Fewer studies have focused upon women. In studies of normal weight, ambulatory, HIV-infected women who were predominantly premenopausal, BMD was reduced in ART-naı¨ve HIV-infected women [17] as well as in ART-experienced women [18] , compared with age-matched HIV controls. However, the absolute difference in bone density was relatively modest, and prevalence of osteoporosis does not appear to be higher in ART-experienced premenopausal HIV+ women [18, 19] . There are no published estimates for HIV-infected postmenopausal women. Because their older age and estrogen-deficient status may place them at higher risk for bone loss, we assessed risk factors for osteoporosis and measured BMD and biochemical indices of mineral metabolism in a group of HIV-infected postmenopausal women.
Materials and methods

Subjects
Recruitment of HIV+ women
There are approximately 150 HIV+ women over the age of 50 followed regularly at the Columbia University Medical Center (CUMC) Infectious Disease Clinic. Over 90% of these women are Hispanic or African American. All women with a history of amenorrhea greater than 1-year's duration were screened. Potential participants were excluded if they had a history of disorders known to affect the skeleton (Paget's disease, primary hyperparathyroidism, Cushing's syndrome), multiple myeloma or other malignancies metastatic to the skeleton, renal insufficiency (serum creatinine >2.5 mg/dl), a previous diagnosis of osteoporosis or a history of treatment with bisphosphonates, selective estrogen receptor modulators (SERMS), or calcitonin. Women with a history of current or past hormone replacement therapy or hysterectomy without ovariectomy were not excluded. Of the 40 women who met the criteria, 78% (31/40) were defined as postmenopausal, because they met defined hormonal or age criteria (serum follicular stimulating hormone (FSH) >30 mIU/ml or FSH >20 mIU/ml with estradiol <30 pg/ml or age >55).
Selection of postmenopausal controls
BMD and body mass index (BMI) of HIV+ postmenopausal women were compared with data from 186 historical controls matched for ethnicity (Hispanic and African American) and age in years (± 5 years). Controls were determined to be postmenopausal based upon the diagnosis given on the DXA requisition and had been examined within the last year on the same DXA machine used for examination of HIV+ subjects. Controls with more than one DXA scan were excluded before matching. Data from local historical controls were used for comparison instead of data from the National Health and Nutrition Examination Survey (NHANES), in order to have comparable data for the local Hispanic population. Hispanics living in northern Manhattan, the main catchment area for CUMC, are predominantly from the Dominican Republic and may not be comparable with the Mexican-American norms available from NHANES. All subjects gave written informed consent, and the study was approved by the Institutional Review Board of CUMC.
Bone mineral density and Instant Vertebral Assessment BMD of the lumbar spine (LS) (L1-4), proximal femur, non-dominant forearm and total body was measured by dual energy X-ray absorptiometry (DXA) on a QDR 4500 bone densitometer (Hologic, Waltham, MA, USA). At the metabolic bone diseases unit, reproducibility using a spine phantom is 0.51% (n=178). Short-term in vivo reproducibility (coefficient of variation) is 0.68% for the spine, 1.36% for the proximal femur, and 0.70% for the radius. Osteoporosis and osteopenia were defined according to criteria developed by a World Health Organization (WHO) study group for postmenopausal Caucasian women: osteopenia (T -score <)1.0 and >)2.5) and osteoporosis (T -score<)2.5).
Assessment of vertebral fracture was performed utilizing morphometric DXA with Instant Vertebral Assessment (IVA). There is a strong overall agreement between visual evaluation of lateral DXA spine images and conventional lateral spine radiographs in postmenopausal women, although false-positive rates can be high [20, 21] . All compression fractures diagnosed by IVA were confirmed with a lateral spine radiograph and interpreted by a skeletal radiologist.
Body composition measurement
Total and lean body mass were measured on a Delphi C QDR 4500 bone densitometer (Hologic, Waltham, MA, USA). The precision error is 3.0% for total fat body mass and 1.5% for total lean body mass [22] .
Laboratory methods
Blood sampling was performed in the morning after a 12-hour overnight fast, aliquoted, frozen at )70°and analyzed in single assays in the core laboratory of the CUMC Irving Center for Clinical Research. Serum parathyroid hormone (PTH) was measured by a chemiluminescent method (Corning-Nichols Laboratory, San Juan Capistrano, CA, USA) that detects both a large, terminally truncated (7-84) fragment of PTH and the intact 1-84 molecule [23] . Intra-assay and interassay variabilities are 3.4% and 5.6%, respectively. Vitamin D metabolites were measured after extraction of serum. Serum 25-hydroxyvitamin D (25-OHD) was measured in a radio-binding assay (Corning-Nichols Laboratory). The intra-assay and inter-assay variabili-ties are 7.5% and 9.6%, respectively. Serum 1,25 dihydroxyvitamin D (1,25 (OH) 2 D ) was measured by a radioreceptor assay. The intra-assay and inter-assay variabilities are 7.6% and 9.8%, respectively. Bone alkaline phosphatase (BSAP) was measured by the Metra assay, which is an enzyme immunoassay (Quidel, San Diego, CA, USA). The intra-assay and inter-assay variabilities are 5% and 7.7%, respectively. Osteocalcin was measured by RIA (Corning-Nichols Laboratory) [24] . The intra-assay and inter-assay variabilities are 4.3% and 5.7%, respectively. Serum N-telopeptide (NTX) was measured using a competitive-inhibition, enzyme-linked immunosorbent assay (ELISA, Osteomark, Ostex, Seattle, WA, USA) [25] . The intra-assay and inter-assay variabilities are 4.6% and 6.9%, respectively. CD4 counts were measured by flow cytometry (FACS Calibur, Becton Dickinson, San Jose, CA, USA). HIV-1 RNA was quantified by a polymerase chain reaction (PCR) assay utilizing the AMPLICOR HIV-1 MONI-TOR UltraSensitive Test (Version 1.5) with a linear range of 50-100,000 copies/ml (Roche Diagnostics, Indianapolis, IN, USA).
Statistical analysis
Comparisons between categorical groups were performed with use of chi-square and Fisher's exact tests. Student's t -test was used for continuous variables. All P values were two-tailed. Partial correlations testing was performed to estimate the strength of associations between various clinical and laboratory characteristics and BMD. Potential predictors of BMD were evaluated further by multiple regression analysis.
Results
Demographics and clinical characteristics
HIV+ and postmenopausal controls were well-matched with respect to age and ethnicity, but current weight and mean BMI were significantly higher in the control group (Table 1) . Among the HIV+ women, 73% had at least one additional osteoporosis risk factor (alcohol consumption >one drink per day; family history of osteoporosis; current or past smoker) and 22% had more than two risk factors (Table 2 ). Most subjects (84%) were receiving ART at the time of the study, and 44% had undetectable viral loads. In addition to nucleosides, 34% had been exposed to protease inhibitors (PI) alone, 7% to non-nucleoside reverse transcriptase inhibitors (NNRTI) alone and 48% to both PIs and NNRTIs. Frequency of hepatitis C (HCV) co-infection was estimated by presence of HCV antibody by enzyme immunoassay (EIA), as determined by chart review. Of the 31 HIV+ postmenopausal subjects, 10% (3/29) had a positive HCV EIA, with two infections confirmed by reverse transcriptase (RT)-PCR. All presumably co-infected subjects had Child Class A disease, except for one who had Child Class B disease. No subject had a history of previous or current treatment for HCV.
Bone mineral density
Mean BMD and T -scores were significantly lower in the HIV+ group at the lumbar spine (LS) and total hip (TH) ( Table 1) . Prevalence of LS osteoporosis was 42% in the HIV+ group, as compared with 23% in controls (p=0.03) (Fig. 1) . Prevalence of TH osteoporosis was 10% in the HIV+ group, as compared with 1% in controls (p=0.003). Prevalence of osteopenia was similar among HIV+ and control groups at all measured sites: LS (36% vs 33%, p=0.77), TH (36% vs 29%, p=0.48), and distal radius (28% vs 16%, p=0.07). Among Hispanic HIV+ postmenopausal women, 44% had LS osteoporosis, and 4% had TH osteoporosis. Among African American HIV+ postmenopausal women, 38% had LS osteoporosis and 25% had TH osteoporosis.
Vertebral compression fractures
Three HIV+ women (9.7%) had evidence of prevalent vertebral compression fractures as determined by morphometric DXA with IVA. Only one woman had evidence of a vertebral compression fracture on a lateral spine radiograph. Biochemical indices of mineral metabolism and bone turnover Calciotropic and gonadotropic hormone levels and bone turnover markers for the HIV+ postmenopausal women are presented in Table 3 . Vitamin D insufficiency (25-OHD between 10-20 ng/ml) and frank deficiency (25-OHDr=)0.4, p=0.03), suggesting that the majority of subjects had secondary hyperparathyroidism associated with vitamin D deficiency. Serum BSAP, osteocalcin, and NTX levels were elevated in 7/31 (22%), 6/31(19%), and 5/31(16%), respectively. Serum osteocalcin and N-telopeptide (NTX) levels were highly correlated (r=0.9, p<0.001), which suggests that bone formation and bone resorption were highly coupled in this sample.
Correlates of BMD in HIV-infected subjects On univariate analysis, there were no significant associations between LS osteoporosis and duration of HIV diagnosis, AIDS criteria, CD4 levels (nadir or current), and duration or class of ART (Table 2) . LS BMD was positively correlated with current weight (r=0.42, p=0.02), lowest historical weight (r=0.46, p=0.01), and total lean body mass (r=0.52, p=0.003), but not with BMI or total fat body mass. LS BMD was negatively correlated with years since menopause ()0.39, p=0.03), serum osteocalcin (r=)0.47, p=0.01) and NTX levels (r=)0.33, p=0.07), but not with 25-OHD or PTH levels. There were no significant correlations between LS BMD and any HIV or ARTassociated variables. In a multivariate regression analysis, a significant association for LS BMD remained with years since menopause and lowest historical weight. On univariate analysis, TH osteoporosis was associated with higher serum levels of PTH (p=0.01). TH BMD was positively correlated with all measurements of weight: current weight (r=0.57, p=0.001), BMI (r=0.49, p=0.004), lowest historical weight (r=0.48, p=0.01), total lean body mass (r=0.62, p <0.001), and 
Discussion
This study suggests that the prevalence of osteoporosis is substantially higher in HIV-infected postmenopausal women than in healthy women of similar age, ethnicity, and menopausal status. We found that established osteoporosis risk factors, such as years since menopause and weight, were more important predictors of LS BMD than were variables associated with HIV infection and treatment, in this small, highly treatment-experienced sample of HIV-infected women. Control subjects were more likely than women in similar populations to have lower bone mass, since their physicians believed that their underlying risk factors warranted bone density testing. As a result, the prevalence of LS osteoporosis in the controls was much higher than estimates of 5-16% for Hispanics and African Americans quoted in population studies [26, 27] . Despite the likelihood that selection bias in the controls would have tilted towards the null, prevalence of osteoporosis was still higher in HIV+ postmenopausal women than in controls.
Vitamin D insufficiency and deficiency were common in this study population and appeared to be associated with secondary hyperparathyroidism; however, the prevalence of low vitamin D levels was not outside the range observed in urban, low-income, African Americans living in northern latitudes [28] . Bone turnover, as evidenced by serum osteocalcin, Fig. 1 Prevalence of osteoporosis at specific sites in the HIV+ group as compared with controls (LS lumbar spine, TH total hip, DR distal radius) BSAP and NTX levels, was also increased in a substantial proportion of the study population. Moreover, serum osteocalcin and NTX levels were highly correlated in our subjects, in contrast to the observations of Aukrust in treatment-naı¨ve patients [6] . In our sample, the number of ART-naı¨ve subjects was too few to determine whether the high correlation of osteocalcin and NTX is a result of ART, as observed by Aukrust et al. [6] or of estrogen deficiency, which is also associated with increases in both osteocalcin and NTX levels [29] . Serum osteocalcin levels also vary with ethnicity, anthropometric measures, season and geographic locale [30] . Data from the Study of Women's Health Across the Nation (SWAN) reveal that unadjusted osteocalcin levels are 11% higher in Caucasians than in African Americans, and 21-24% higher in Caucasians than in Asians [30] . Unfortunately, no data exist for Hispanic women for comparison. As with the calciotropic hormone data, osteocalcin and NTX levels from appropriate controls are necessary to fully interpret these findings.
Comparisons of BMD results from this study with other studies of HIV-infected women are difficult, given differences in the populations studied, and given the age and weight of subjects, menopausal status, and ethnic distribution [18, 19, 31] . While differences in BMD were detectable in cross-sectional studies comparing premenopausal HIV+ women on ART with HIV-negative women, they were not as pronounced as observed in these postmenopausal subjects. The pathogenesis of low bone density in HIV+ postmenopausal women is unclear. It could be the result of confounders such as differences in weight, ethnic distribution, hormonal or nutritional status. Alternatively, it may be the result of a pathophysiologic interaction between estrogen deficiency and elements of HIV infection and/or treatment.
There are several ways in which estrogen could attenuate the effects of HIV-associated bone loss. Estrogen down-regulates many of the proinflammatory cytokines (TNF-a, IL-1, Il-6) that increase bone resorption [2, 32] . These proinflammatory cytokines have all been found to be elevated in HIV+ individuals [1, 4] and may not be completely suppressed after ART [33, 34] . Receptor activator of nuclear factor kappa-B (RANK), its ligand (RANKL) and its decoy receptor osteoprotegerin (OPG) are three recently identified members of the TNF ligand and receptor-signaling family that are the final effectors of bone resorption [35, 36] . Recent studies have demonstrated that RANKL production in the unstimulated peripheral blood mononuclear cells of HIV+ patients is higher than in HIV controls, and that sera from HIV+ patients demonstrated increased osteoclastogenesis and bone resorption in established investigational models [37, 38] . Furthermore, pharmacologic levels of certain PIs, such as ritonavir and saquinavir, appear to increase RANKL activity by abrogating physiologic, IFN-c-linked blocks to the degradation of the RANKL-signaling adapter protein, TNF receptor-associated protein 6 (TRAF-6) [38] . Estrogen appears to down-regulate bone-marrow cell expression of RANKL [39] , and up-regulate gene expression and protein synthesis of OPG [40] . In premenopausal subjects, estrogen could attenuate the effects of proinflammatory cytokines and RANKL production on osteoclastogenesis, mitigating the accelerated bone demineralization associated with HIV infection and treatment. Conversely, the decline in estradiol levels that accompanies menopause would be expected to exacerbate any cytokine-mediated increase in bone resorption.
The results of in vitro and cross-sectional clinical studies and their significance with regard to long-term bone health require substantiation by well-controlled, longitudinal studies. Despite numerous studies suggesting an association between PIs and bone demineralization, recent longitudinal studies of men suggest that certain PI-based antiretroviral regimens may be associated with increases in BMD during short-term follow-up [41, 42] . As yet, there is insufficient evidence to conclude that low BMD translates to increased fracture rates in the HIV+ population. Results from a retrospective study of phase III PI trials suggest that fracture rates are not higher in HIV+ subjects on treatment, compared with expected rates from the general population [43] . However, the majority of subjects in the longitudinal study of BMD and the fracture study were young men at peak bone mass. It is not possible to generalize these findings to predict the impact of HIV-associated bone loss in older, postmenopausal women who have greater baseline risk for fracture.
Incidence of HIV infection is increasing fastest in women, and these women are living longer with efficacious ART. Longitudinal studies are necessary to determine whether the rate of bone loss or fracture is higher in HIV-infected women, especially those who are approaching or have completed the menopausal transition. Whether or not biochemical abnormalities such as vitamin D deficiency, secondary hyperparathyroidism and increased bone turnover are related to or independent of HIV and its therapy, these women still require diagnosis and correction if possible. Finally, our results clearly suggest that recommendations to evaluate postmenopausal women for osteoporosis should be extended to postmenopausal women with HIV/AIDS. 006645 from the National Institutes of Health and the Tisch 
